SAM (Simple Attenuation Model), 3-2, 3-58
Sand attenuation, 6-73
Satellites
ACTs, 7-18, 7-24, 7-78, 7-117
ATDRSS, 7-35
ATS-5, 5-21
ATS-6, 4-40, 5-3, 5-4, 5-22
BS, 5-3, 5-4
COMSTAR, 4-40, 5-4, 5-22, 5-28, 5-29, 5-36,
cs, 5-3, 5-4, 5-24
CTS, 4-40, 5-4, 5-8
Dscs III, 7-30
ECS, 5-3, 5-4
ETS-II, 5-3, 5-4, 5-19, 5-24, 5-35
FLTSATCOM, 7-30
INTELSAT-VI, 7-19, 7-29
ITALSAT, 7-33
ors, 5-3, 5-4, 5-18, 5-20
SIRIO, 4-40, 5-3, 5-4, 5-18, 5-19, 5-20
Saturated partial pressure, 6-16
Scintillation
amplitude, 6-76, 6-101
distribution function, 6-95
phase, 6-90, 6-103
Signal diversity, 7-111
SIRIO satellite, 4-40, 5-3, 5-4, 5-18, 5-19, 5-
Site diversity
analytical model, 7-102, 7-107
baseline orientation, 7-90
definition, 7-80
design factors, 7-88
elevation angle, 7-90
empirical model, 7-93
experiments summary, 7-86
extended empirical model, 7-95
frequency dependence, 7-91
interstation link, 7-92
local climatology, 7-92
multiple earth terminals, 7-93
path azimuth angle, 7-90
rain cell anisotropy, 7-91
separation distance, 7-88
switching rates, 7-92
Sky noise, 1-4, 6-130
clear-air, 6-131
clouds, 6-139
computation of multiple contributors, 6-140
dust, 6-139
extraterrestrial sources, 6-140
fog, 6-139
lunar, 6-142
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radio stars, 6-142
rain, 1-6, 6-136
sample calculations, 6-136
sand, 6-139
solar, 6-140
uplink, 6-143
Sky noise temperature, 1-6
Space diversity, 7-83
Specific attenuation
dry air, 6-13
rain, 2-7, 2-11
frequency dependence, 2-11
rain rate dependence, 2-11, 2-14
regression values, 2-12, 2-14, 6-40
water droplets, 6-62
water vapor, 6-62
Storm Data Report, 2-17
SS/TDMA 7-17, 7-32
System design
avalability allocation, 7-37, 7-73
clear-air absorption, 7-63
composite carrier-to-noise ratio, 7-48, 7-71
depolarization analysis, 7-58
initial phase, 7-43
overview of procedure, 7-1
phases, 7-40
power budget, 7-50
sample calculaton, 7-64
process, 7-3, 7-41
propagation analysis, 7-42, 7-55, 7-63
rain margin, 7-55
synthesis phase, 7-46
sample calculation, 7-52
System performance criteria
analog, 7-12
bit error rate, 7-9
CCIR, 7-9
DCA, 7-9
digital, 7-9
examples, 7-43
overview summary, 7-7

_T-

TDMA (time division multiple access), 6-5, 7-17, 7-21, 7-117
satellite switched (SS), 7-17, 7-32

Te’” ecommunications services, 6-4

Throughput, 7-11

Transmission coefficient, 4-25

Tropospheric delays, 6-5

Two-component rain attenuation model, 3-2, 3-39

-U-
Uplink Noise, 6-143



-V-
Volume cell rainfall, 3-41
VSAT, 7-23

-W—-
Wave antenna interaction, 4-8
Water vapor
and relative humidity, 6-16
definition, 6-16
density, 6-14
specific attenuation, 6-13
Worst month statistics, 6-59

—X—
XPD (see: Crosspolarization discrimination)
XPI (see: Crosspolarization isolation)

_.z_
Zero degree isotherm, 2-4, 3-26, 3-38, 6-23



Notoros seeeuico Report Documentation Page
Soace Agmnstralion

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.

NASA RP-1082(04)

4. Title and Subtitie 5. Report Date
Propagation Effects Handbook for Satellite Systems

Design - A Summary of Propagation Impairments on February 1989

10 to 100 GHz Satellite Links With Techniques for 6. Performing Organization Code

System Design

7. Author(s) 8. Performing Organization Report No.

Louis J. Ippolito

10. Work Unit No.

9. Performing Organization Name and Address

Westinghouse Electric Corporation 11. Contract or Grant No.

Friendship Site NAS7-100;958178(JPL)
Box 1897 -
. 21203 13. Type of Report and Period Covered
TEﬁg%ﬁiﬁgffaﬁﬁﬁﬁﬁﬁﬁﬁaAdmes Reference Publication
National Aeronautics and Space Administration (Fourth Edition)
Washington, DC 20546 14. Sponsoring Agency Code

Office of Space Science and Applications

15. Supplementary Notes

16. Abstract

The NASA Propagation Effects Handbook for Satellite Systems Design provides a
systematic compilation of the major propagation effects experienced on space-
Earth paths in the 10 to 100 GHz frequency band region. It provides both a
detailed description of the propagation phenomena and a summary of the

impact of the effect on communications system design and performance.

Chapters II through V describe the propagation effects, prediction models,
and available experimental data bases. In Chapter VI, design techniques and
prediction methods available for evaluating propagation effects on space-
Earth communications systems are presented. Chapter VII addresses the system
design process and how the effects of propagation on system design and
performance should be considered and how they can be mitigated. Examples of
operational and planned K;,, K;, and EHF satellite communications systems

are given.

17. Key Words {Suggested by Author(s)) 18. Distribution Statement

Microwave Propagation, Rain Attenuation,

Satellite Communications Systems, K,sKas Unclassified - Unlimited

EHF Propagation, Radioc Noise Subject Category 32

19. Security Classif. {of this report) 20. Security Classif. lof this pagel 21. No. of pages 2. Price
Unclassified Unclassified 536 A23

NASA FORM 1626 OCT 86 NASA-Langley, 1989



